Tremendous progress in recent computer-controlled systems for fluorescence and laserconfocal microscopy has provided us with powerful tools to visualize and analyze molecular events in the cells. Various fluorescent staining and labeling techniques have also been developed to be used with these powerful instruments. Fluorescent proteins such as green fluorescent protein (GFP) allow us to directly label particular proteins of interest in living cells. This technique has been extended over a large area of cell biology, and a variety of fluorescent protein-derived techniques have been developed to visualize the functions and conditions of the molecules within living cells. In this review, we summarize the techniques for fluorescent staining and labeling for recent fluorescence microscopy.
I. Introduction
Since biology entered the new post-genome era, the function of each gene product in the cell has attracted researchers' interests. The development of techniques of fluorescent protein (FP) labeling and recent computer-controlled systems for fluorescence and laser-confocal microscopes has also boosted our eagerness to see directly the behavior of particular proteins of interest in living cells [17, 26] . New techniques for fluorescent labeling of molecules have been devised depending on such requirements to see directly into the molecules in living cells. Live-cell imaging techniques make it possible to see the molecular basis of a variety of functions in the cell [12, 20] . Originally, fluorescence microscopy itself was a powerful technique to visualize the location of particular molecules in the cell [30, 31] . The combination of new techniques for fluorescence labeling and staining with advanced fluorescence microscopy has provided us with new tools to analyze the dynamic behavior of cellular molecules.
Before the emergence of GFP-labeling technique, the advantage of fluorescence microscopy was the detailed mapping of the molecules in cells and tissues by multiple fluorescent staining. After the advent of GFP-labeling, fluorescence microscopes including laser-confocal microscopes have been actively involved in elucidating the molecular functions in the cell as follows: 1) live-cell imaging for the molecular dynamics by FP-fusion probes [12] ; 2) the analyses of the activity or status of signal transduction by visualizing the binding of proteins with other molecules or their folding in itself by fluorescence resonance energy transfer (FRET) microscopy [9, 18] or fluorescence correlation spectroscopy [19] ; 3) the analyses of movement and trafficking of particular proteins by fluorescence recovery after photobleaching (FRAP) techniques [35] ; 4) the analyses of turnover of proteins by employing molecular tags that specifically bind the particular membrane-permeable dyes [4] . In this review, we summarize the techniques for fluorescent staining and labeling for recent fluorescence microscopy.
II. Overview
The techniques of fluorescent labeling of molecules are divided broadly into two categories: the conventional fluorescent staining and the molecular tagging by introducing the genes of FPs or specific binding motifs for fluorochromes by genetic engineering. Conventional fluorescent staining includes the immunostaining using the fluorochrome-labeled specific antibodies and chemical staining using the fluorochrome-labeled chemical reagents that specifically react with the target molecules in the cell. The techniques for molecular labeling with FPs by genetic engineering do not need the staining procedure for microscopy, hence we can easily see the behavior of molecules of interest in living cells. All the other labeling techniques require the procedures of fluorescent staining prior to microscopic examination. Moreover, immunofluorescence staining usually requires fixation procedures and is not suitable for live-cell imaging.
III. Fluorescent Staining Techniques Using the
Fluorescent-labeled Molecular Probes to Detect the Particular Biomolecules, Structures, or Molecular Events in the Cell
Immunofluorescent staining
Immunofluorescence microscopy is a versatile procedure and is able to detect any biomolecules in the cell so far as the specific antibodies are provided in advance [16] . To stain intracellular biomolecules, permeabilization of plasma membrane or thin-sectioning of samples is required for the easy access of antibody molecules to the target molecules in the cell. The technique generally requires the fixation procedure of tissues and cells prior to the staining, hence is unsuitable for live-imaging. Specific antibodies for the particular molecules are the key issues in this method. One can either purchase them from manufacturers, order to have them made, or make them by oneself. Two methods, i.e., direct and indirect immunofluorescent staining have been widely used. In the direct-method, the fluorochrome-labeled antibodies are used as probes. The indirect method, on the other hand, uses non-labeled antibodies for the particular biomolecules as the primary antibodies. The fluorochromelabeled secondary antibodies are used for fluorescent Reproduced and modified from [29] . b. Immunofluorescence image of rat kidney with anti-aquaporin 2 antibody (red), anti-aquaporin 3 antibody (green), and DAPI (blue).
Fluorescence image was merged with corresponding differential interference-contrast (DIC) image. Bar=100 µm. c. Immunofluorescent staining image of HSC-4 cells with γ-tubulin antibody (red), Golgi 58K (green), and TO-PRO-3 (blue). The Golgi apparatus is labeled by Golgi 58K. Golgi 58K is also localized to one (arrow) of two dots of the centrosome [8] . Bar=10 µm.
labeling of the primary antibodies. Since the various fluorochrome-labeled secondary antibodies are commercially provided (Table 1) , one can choose the proper antibodies by considering the properties of fluorochromes and the animal species of the primary antibodies. The direct method is simple and easy as long as the fluorochrome-labeled antibodies are available. Zenon method is a modification of the direct method, and has a wide range of applications especially for multi-color labeling [21] . As to sensitivity, the indirect method is better than the direct method. In the indirect method, multi-color-staining can be carried out by the combination of secondary antibodies coupled with different fluorochromes (Fig. 1) [15, 29, 32] . Special caution should be paid to the possible cross-reactivity of antibodies to the unintended molecules in the tissue cells [14] .
Fluorescence in situ hybridization (FISH)
Antisense single-stranded DNAs for the particular genes or sequences are labeled with proper fluorochromes and used as the molecular probes. The fluorescent-labeled probes hybridize with the complementary RNA or DNA molecules in the cells and are used to detect the particular gene expression in the cells or the number of copies and their localization of particular genes or sequences in chromosomes or nuclei.
Chemical fluorescent probes
Cellular structures such as nucleus, plasma membrane, and cytoskeletons can be visualized with chemical reagents that bind to the biomolecules specific to particular structures. When the regents have fluorescent chromophores or are coupled with fluorochromes, the cellular structures can be seen by fluorescence microscopy. Various fluorescent probes for staining particular cellular structures are commercially available as shown in Table 2 . You can choose suitable ones for your experiments depending on the character of the probes. You can also choose fluorochromes in a variety of aspects such as wavelength (excitation and emission), photobleaching speed, and permeability in the cellular membrane. In the case of nuclear staining, the specificity of fluorescent probes to DNA is important because most of the DNA-binding fluorescent probes also bind RNAs (Fig. 2 , Table 3 ) [13, 27, 28] . You have to choose the DNA-specific dyes, or otherwise, RNase pretreatment is required. Phalloidin is a toxic substance from Amanita phalloides, commonly known as the death cap poisonous mushroom. Fluorochrome-coupled phalloidin specifically decorates F-actin in the cell. Chemical fluorescent probes are easy to use and are best suited for counter-staining. Cell permeable fluorescent dyes such as Hoechst dyes are also useful for live-cell imaging.
Calcium indicators
Fluorescent probes that exhibit a spectral response upon Ca 2+ binding have enabled us to directly visualize changes of intracellular Ca 2+ concentrations in living cells by 
IV. Direct Fluorescent Labeling of Particular Gene Products by Genetically Engineered Molecular Tags
Particular gene products can be labeled directly by genetic engineering with the molecular tags such as FPs. They can also be tagged with certain amino acid sequences that specifically bind to the particular cell-permeable fluorescent dyes. FP-fusion gene products are detected after the transformation of the cells. In the case of non-fluorescent molecular tags, incubation with specific fluorescent dyes and subsequent washing procedure are needed prior to observation.
FP-fusion proteins
FPs such as GFP have made it possible to see not only the localization per se but also the dynamics of the labeled molecules in the cell, allowing the development of new ways to analyze the functional behavior of proteins of interest in living cells [5, 11, 29] . This technique is also applicable to the functional motifs or domains of proteins as noted in the accompanying sections. Labeling with FPs is carried out by genetic engineering including recombinant DNA technology. Many FPs have been identified and engineered as shown in Table 4 . We can choose suitable ones for the specific experiments by taking into account the wavelength (excitation and emission), the quantum-yield that correlates to the signal intensity, and the degree of polymerization (monomer, dimer or tetramer) [25] . For example, monomeric FPs are suitable for labeling when one wants to see the tracking of biomolecules. Although dimeric and tetrameric FPs emit relatively strong signals, multimeric FPs have a tendency to affect the behavior of biomolecules by the artificial clumping of labeled molecules. The behavior of FP-labeled molecules thus is sometimes different from that of endogenous ones. Moreover, tagging with monomeric FPs cannot completely exclude the possibility of adverse effects on the behavior and/or localization of fusion proteins. The localization and behavior of the non-labeled endogenous proteins should be checked by immunofluorescent staining to avoid possible artifacts.
Molecular tags for specific cell-permeable fluorescent dyes
Just like FP-tagging, tagging with proper amino acid sequences that specifically bind to the particular cell-permeable fluorescent dyes by genetic engineering is also useful to see the behavior and localization of particular molecules in living cells. Two types of molecular tag systems for specific cell-permeable fluorescent dyes are commercially available (Table 5) . Tetracysteine tag (TC-Tag: formerly Lumio tag) consists of the six-amino acid sequence of -Cys-Cys-ProGly-Cys-Cys-and specifically binds to the cell permeable labeling reagents of FlAsH-EDT 2 and ReAsH-EDT 2 . FlAsH-EDT2 and ReAsH-EDT2 labeling reagents become strongly fluorescent (green and red, respectively) only upon binding to the TC-Tag, allowing specific detection of tagged proteins. In the case of TC-Tag, however, the procedures of staining and washing prior to the observation are necessary. Although the labeling-reagent for the TC-Tag itself is not fluorescent, the analogues that are present in the serum bind to the reagent and become fluorescent and disturb the examination of specific labeling, making the washing procedure necessary. Pretreatment of culture medium with a nonfluorescent and cell-impermeable reagent that binds to such endogenous analogues could eliminate the necessity of washing procedures.
The HaloTag protein, a genetically engineered derivative of a hydrolase, is also used as a molecular tag. Since the HaloTag protein is large as FPs (297 amino acid residues), utmost care should be taken as to possible artifacts just like the FP tagging. Five types of Halo-ligands of cell-permeable fluorescent dyes are available as shown Table 5 .
Unlike the FPs, the tags themselves do not have their own fluorescence in either case. Elaborate experiments such as pulse-chase labeling using a single fluorescent dye or time-sequential pulse-labeling by different-colored fluorescent dyes for the same tag are possible. These pulse-labeling techniques have enabled us to analyze the turnover of a particular protein or the directivity of protein distribution [4] . Table 4 . Fluorescent proteins [2, 7, 20, 22] Intensities of FPs are in proportion to the product of molar absorptivity and quantum yield. 
Functional motifs and domains of proteins to visualize cellular structures and molecular functions
A variety of functional motifs and domains of proteins have been known and can be used to design probes to visualize particular cellular structures such as the plasma membrane, mitochondria, cell nucleus, Golgi apparatus, and endoplasmic reticulum by FP-tagging (Table 6 ). Visualization of the particular cellular structures is useful for the purpose of counter-staining of living cells. Lipid-secondmessengers such as phosphatidylinositol (PtdIns) derivatives can also be visualized by the probes of FP-tagged functional motifs or domains in living cells (Table 6 ). For example, the pleckstrin-homology domain (PH domain) of AKT (protein kinase B) specifically binds to phosphatidylinositol-(3,4,5)-trisphosphate (PtdIns(3,4,5)P 3 ) that is the product of PI3-kinase. The FP-tagged AKT-PH probe can then detect the active-site for PI3-kinase in living cells (Fig. 3) . Since the second messengers are transiently formed and localized at the specific sites in cells during the course of signal transduction, live-cell imaging by FP-tagged probes is a powerful tool for the study of signal transduction mechanisms.
V. Prospects for Fluorescent Labeling
Tagging by FPs has provided us with a great means to analyze the molecular behavior and functions of living cells. Tagging with FPs, however, sometimes has an adverse effect on the behavior of tagged molecules by altering their original molecular properties. Such effects can be minimized by the use of small-sized tags such as TC-Tag that consists of only 6 amino acids. Combined use of such labeling procedures with conventional immunofluorescent methods will remain powerful tools in examining the cellular functions.
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